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Abstract 
In the process of a hip total or hemi-arthroplasty, patients have their femur measured and analysed in order to obtain a suitable 
hip implant for the operation. This study investigates the existing methods to measure the femoral head before a total or hemi-
arthroplasty. In the experimental evaluation of the current study, the size of 15 femur head sample has been measured using four 
different methods: Vernier caliper, ring gauge, X-ray images and CT scan data. The results from various methods were compared 
and discussed. The objective of this study is to analyse the most effective mode of measurement for hemi-arthoplastic surgery.  
The accuracy and reliability of each method was analysed by taking measurements of the femoral head.  Statistical analysis 
shows that the callipers and ring gauge are the most accurate next to CT and X-ray models. It was also observed  that an under 
sizing by ±1 mm of the femoral head shows no definitive harm to a patient.   
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and peer-review under responsibility of The Malaysian Tribology Society (MYTRIBOS), Department 
of Mechanical Engineering, Universiti Malaya, 50603 Kuala Lumpur, Malaysia. 
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1.  Introduction 
The femur or more commonly known as the thigh bone is the longest, thickest and strongest bone in the human 
body.  It connects the pelvis to the top of the knee and it supports the entire upper body and makes sure that energy 
is distributed right down to the foot.  The femur is made up of osteocytes (blood vessels, nerve cells and living 
bones cells) that are held together by a framework of hard, non-living material consisting of calcium and 
phosphorous which is coated with periosteum (Periosteum is a thin membrane that lines the surface of most bones). 
The femur head (or femoral head) is of spherical form and fits into a socket-like feature in the pelvis called the 
acetabulum.  The acetabulum is covered in cartilage, soft tissue, to smoothen out the movement with the femur head.  
Attaching the femur head to the shaft is the femoral neck as shown in Fig. 1(a) [1]. 
The wear of the femur can be due to progressive worsening of severe arthritis in the hip joint.  The most 
common arthritis that is seen affecting a patient in need of total hip arthroplasty is degenerative arthritis (or known 
as osteoarthritis) of the hip joint. Osteoarthritis is seen with ageing, congenital abnormality (deformation at birth) or 
prior damage to the hip.  Other conditions leading to total hip replacement include bony fractures of the hip joint, 
rheumatoid arthritis, and death (aseptic necrosis, or avascular necrosis) of the hip bone.  Hip bone necrosis can be 
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caused by fracture of the hip, drugs (such as prednisone and prednisolone), alcoholism, and systemic diseases (such 
as systemic lupus erythematous) [2, 9]. 
 
 
(a)         (b)   
Fig. 1. Schematic of a human femur bone structure (a); and a typical femoral head sample cut from the patient who obtained hip replacement (b) 
 
During both hemi-replacement and the total replacement (total hip arthroplasty), the methods for selection of an 
implant for a patient is not a standardised or proven procedure.  The norm is to X-ray the patient and then estimate 
the stem size of the prosthetic as part of the pre-op planning stage.  Then surgeons keep a selection of heads at the 
operating theatre, where during the procedure; they measure the diameter of the head of the patient’s femur once it is 
removed.  After using either a set of callipers or a ring gauge to measure the diameter of the head of the femur, the 
implant is selected in the operating theatre and used in the surgery [3,8]. 
As there is no standardized method for this part of the procedure, preference of method comes with time and 
experience, thereby leaving younger surgeons without experience at an unfair advantage. 
A series of experimental measurement has been performed in this study to investigate which method/mode of 
measurement is most accurate with measuring the diameter of the femur head.  This will, in theory, help surgeons to 
choose the best option before a hip arthroplasty. 
1.1.  Aim of the study 
The aim of the project is to find out which method is the most accurate/precise mode of measuring the diameter 
of the femoral head of required for a patient, undergoing either hemi-replacement or total hip replacement (total hip 
arthroplasty) surgery. 
 
2.  Method 
The sample group of femoral heads are those in frozen storage, taken from 15 patients who had undergone total 
hip arthroplasty previously.  There are four modes of measurement that are considered in this report: Vernier 
calliper, the ring gauge, X-ray images and CT-scan data. 
The Vernier calliper and ring gauge data was taken by a surgeon for all 15 patient samples, 7 female and 8 male.  
The X-ray and CT scans of all the sample heads were taken beforehand. 
The data was analysed for the degree of deviation in the recorded data sets, wherein each method highlights the 
accuracy and the precision of each instrument.  Understanding the cause of errors that occur respective to each 
method is a crucial part of the outcome of this study. 
2.1.  Measurement using Vernier caliper 
The Vernier calliper is a mechanical instrument which mainly uses to measure the diameter of objects.  However 
in this study a digital Vernier caliper was used by an experienced surgeon to measure the 15 femur head samples 
collected for the experimental examination of this study.  The data was recorded using the average data of two or 
more readings per patient sample head. 
The purpose of the average diameter reading of each sample was to estimate the ideal size of the replacement 
implant. The results of the average readings of the 15 samples are summarized in Table 1. 
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Table 1. Vernier caliper measurement of the 15 femur head samples. The measurement unit is in millimetre. 
Patien
t 1 
Patien
t 2 
Patien
t 3 
Patien
t 4 
Patie
nt 5 
Patie
nt 6 
Patie
nt 7 
Patie
nt 8 
Patie
nt 9 
Patient 
10 
Patient 
11 
Patient 
12 
Patient 
13 
Patient 
14 
Patient 
15 
51.90 52.89 42.85 56.11 49.65 46.46 52.46 50.97 43.41 49.51 44.17 43.53 56.06 46.80 41.42 
2.2.  Measurement using ring gage 
The ring gauge, which requires the surgeon to place the sample femoral head into a fitting circle on the ring 
gauge to obtain the best fit diameter, gives one best fit sizing for each patient.  The ring gauge is done by the same 
surgeon for all 15 patient samples. The result of the reading is reported in Table 2. 
 
Table 2. Ring gauge measurement of all 15 femur head by one surgeon. The measurement unit is in millimetre. 
Patien
t 1 
Patien
t 2 
Patien
t 3 
Patien
t 4 
Patie
nt 5 
Patie
nt 6 
Patie
nt 7 
Patie
nt 8 
Patie
nt 9 
Patient 
10 
Patient 
11 
Patient 
12 
Patient 
13 
Patient 
14 
Patient 
15 
52.00 53.00 43.00 56.00 49.00 46.00 52.00 51.00 42.00 49.00 44.00 44.00 55.00 46.00 41.00 
2.3.  Measurement using x-ray images 
The X-ray images of the sample heads were taken beforehand. Image J software (National Institutes of Health, 
USA, http://imagej.nih.gov/ij/) was used in order to observe the diameters of the scanned sample images.  Using the 
measure function of Image J software, where virtual pointers can be placed on the image in order to measure the 
pixel elements, which are translated using pre-set scaling that is applied to the images beforehand.  The analysed 
patient samples and their recorded diameters are presented in the Table 3. 
 
Table 3. Largest diameter recorded from X-ray images of the patient samples. 
Patien
t 1 
Patien
t 2 
Patien
t 3 
Patien
t 4 
Patie
nt 5 
Patie
nt 6 
Patie
nt 7 
Patie
nt 8 
Patie
nt 9 
Patient 
10 
Patient 
11 
Patient 
12 
Patient 
13 
Patient 
14 
Patient 
15 
51.69 49.07 43.84 53.65 48.42 45.80 53.44 56.41 42.58 47.76 44.49 45.80 60.12 47.76 41.22 
 
 
2.4.  Measurement using CT scan data 
The 3D model of each samples created from the CT scans data of the femur heads. The 3D model were created 
in Mimics software (Materialise, NV) and then imported as a CAD model onto the design program NX 7.5 (Siemens 
Plm, NX).  Here the CT-scans were analysed such that a best fit diameter circle would be placed along the visible 
plane of the virtual model in order to find the best-fit circle for each sample head. Fig 2 shows how a circle fitted 
with the 3D model crated from the CT data of each sample. 
 
(a)    (b)    (c)  
Fig. 2. Best fit circle to a 3D model of the three femur head examples 
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Table 4. The best-fit diameter for each femur head sample obtained from CAD models. 
Patien
t 1 
Patien
t 2 
Patien
t 3 
Patien
t 4 
Patie
nt 5 
Patie
nt 6 
Patie
nt 7 
Patie
nt 8 
Patie
nt 9 
Patient 
10 
Patient 
11 
Patient 
12 
Patient 
13 
Patient 
14 
Patient 
15 
52.37 54.32 43.60 56.66 49.98 46.41 53.45 52.67 41.99 49.41 44.38 45.29 62.49 44.34 41.34 

3.  Result and discussion 
There was no major difference between the results of the four methods: Vernier caliper, ring gauges, X-ray and 
CT scan which was used to evaluate the size of the femur head applicable to a hip arthroplasty.  It was observed that 
the results of acquired using the Vernier caliper and ring gauges show less variation in readings in comparison with 
X-ray and CT scan methods, Table 5.  Yet as a mode of convenience and reliability, the ring gauge is more practical 
in a hemi-arthroplasty situation where the surgery is done as soon as possible is order to relieve the patient of their 
pain.  Although the sizes of the femoral head and stem components of prosthetics being produced in sizes of 
intervals at 2 mm, the range of direct error within the methods themselves being less than 2 mm would make each 
method as viable a solution as the others. 
With the results obtained from grey scale images of the samples, it has to be kept in mind that some sample 
heads were damaged over time and therefore some of the recordings made showed low precision.  Also the best-fit 
circle method used for both the X-ray and CT-scan method do not account for a certain amount of human error in 
the recording of the data.  The X-rays suffer from errors such as the scaling applied to the original X-ray image, 
which would skew measurements, thereby following-on to the image analysis performed later on the samples.  The 
CT-scan models exported to file have fine texturing and meshing applied, yet certain sample heads due to their 
condition, do not produce smooth faces across the surface [4,5,10]. 
 
          Table 5. Comparison between four methods of measurements introduced in this study 
Patients Vernier caliper Ring gauge X-Ray CT scan 
Patient 1 51.90 52.00 51.69 52.37 
Patient 2 52.89 53.00 49.07 54.32 
Patient 3 42.85 43.00 43.84 43.60 
Patient 4 56.11 56.00 53.65 56.66 
Patient 5 49.65 49.00 48.42 49.98 
Patient 6 46.46 46.00 45.80 46.41 
Patient 7 52.46 52.00 53.44 53.45 
Patient 8 50.97 51.00 56.41 52.67 
Patient 9 43.41 42.00 42.58 41.99 
Patient 10 49.51 49.00 47.76 49.41 
Patient 11 44.17 44.00 44.49 44.38 
Patient 12 43.53 44.00 45.80 45.29 
Patient 13 56.06 55.00 60.12 62.49 
Patient 14 46.80 46.00 47.76 44.34 
Patient 15 41.42 41.00 41.22 41.34 
Conclusion 
Among the four methods deployed to measure the femoral head for a hip arthroplasty, the Vernier caliper and 
ring gauge instruments were found to be the most reliable method with the least error.  It was also observed that the 
calliper tend to undersize the spherical diameter significantly.  Although the femoral head and femur components of 
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prosthetics produced were at 2mm in sizes of intervals, the range of direct error (being less than 2 mm) is still viable 
as a solution when compared to other methods.  The ring gauge was found to be more practical in the mode of 
convenience and reliability where the surgery can be conducted as soon as possible in hemi-arthroplasty situation to 
relieve the pain of patients. 
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